Which activities threaten independent living of elderly when becoming problematic; Inspiration for meaningful service robot functionality.
Introduction
In western societies sustaining independent living of elderly is preferred by most citizens and a target for societal policies. Nonetheless, when people age, they are faced with the negative consequences of their decreasing abilities which, among other factors, can threaten their independent living. Age-related changes to mental and physical abilities can make the performance of everyday tasks difficult or challenging. For those who are not able to maintain their independence, societies seek different kinds of solutions towards regaining or sustaining independence, or alternatively offer an institutional arrangement for dependent living. Risk profiles for institutionalization are very useful for developing interventions to prevent the need for nursing home admission and designing non-institutional alternatives to costly long-term institutional care. However, the causes of the institutionalization of an elderly person are certainly complex 1 . Regardless of the housing situation, care is traditionally provided either informally by those from the direct social environment (e.g. family) or more formally by professionals funded by either public or private means. However, social structures have changed, which have resulted in family members being less inclined and/or able to provide care. Due to this change and the increasing shortage of care staff 2 alternative solutions are being given increasing attention, with technology as the alternative with the highest potential. Of course, technology is already being used to support independence. Assistive technology (AT), such as wheelchairs, stair lifts, patient hoists, smart home technologies, and in general accessibility adaptations of the home, has come a long way in supporting individuals in their independence 3 . But with the ongoing development of technology new possibilities emerge for supporting independent living. A new emerging field in AT is robotics. Robotics has the potential to support care and independence in many ways 4 . Although there is still only limited application of robotics in care, substantial effort is being taken to develop applications 5 . The envisioned role of the robots in these developments, and the type of tasks the robots perform, are primarily guided by technical feasibility and to a lesser degree by the target users' needs 5 . Over the past decades several projects have developed a range of functionalities. Nevertheless, only a small number of robot systems have actually been brought to the market and made available to support care for individuals in their daily lives. This raises questions concerning the suitability of the robots to actually answer the needs of users.
In the ACCOMPANY project (Acceptable robotiCs COMPanions for AgeiNg Years) an existing service robot's functionality will be further developed to support older citizens to sustain independent living 6 . This robot should be able to assist elderly persons in being able to carry out problematic daily tasks on his/her own. The type of robot pursued in the ACCOMPANY project, the Care-O-bot® (Fraunhofer IPA, Stuttgart, Germany), aims to support activities and is not aimed at replacing lost or declined human abilities as such. The focus of this study is therefore on the activities older people perform and not on their abilities. Humans perform a very wide range of activities, any of which could potentially become difficult for older people to perform, thereby threatening 2 independent living. The first goal of the ACCOMPANY project is to understand the needs of future users, regardless of perspectives related to availability of technological solutions. This paper presents the results of a systematic literature search in PUBMED and the results obtained during focus group sessions conducted with elderly persons, formal caregivers, and informal caregivers in the Netherlands, the United Kingdom, and France, surveying the problematic daily activities which result in elderly persons dependency. This survey process was guided by the following question: Which problematic activities in daily life are most threatening the independence of elderly persons? The idea is that the answer to this question might subsequent be leading for the development of robot functionalities.
Method
First a systematic literature search was conducted followed by focus group sessions. To deal with the variety of pertinent activities, the International Classification of Functioning (ICF) of the World Health Organization (WHO) was adopted to group activities human perform. The ICF provides a structured taxonomy for the description of human functioning 7 . Within the ICF the subgroups of section d, Activities and Participation, were especially considered to be relevant as the focus here is on the activities people perform and not on their ability which is also the focus of this paper.
Literature
The data collection process to find articles, concerning risk factors (related to daily activities) for the institutionalization of elderly persons, consisted of two tracks: a systematic search in Pubmed and a hand search (see Figure 1 ).
First, a systematic literature search of Pubmed was performed for records through September 2012 to identify articles of all studies which aimed to assess activity related risk factors for institutionalization of elderly persons. Pubmed was searched using the following search terms: risk factors, predictors, determinants, daily activities, activities of daily living, and instrumental activities of daily living combined in all possible ways with institutionalization. There were no limitations on dates of publication or venue. This resulted in an initial list of 688 titles. Secondly, the author and two other researchers independently screened and scored the initial set of titles (score 0 when not relevant, 1 point when maybe relevant and 2 points when expected to be highly relevant). Studies were selected as relevant if they reported risk factors for the institutionalization of elderly persons. Studies concerning rehabilitation, fall risks, cognitive decline or clinical conditions (e.g. stroke, dementia, Alzheimer) were excluded. Studies were selected for inclusion if they received a total score of minimal 2 points (the kappa for scoring titles between reviewer 1 and 2 was 0.56, between reviewer 1 and 3 0.49, and between reviewer 2 and 3 0.55, which are all moderate). This second step in the data collection process resulted in a list of 116 abstract. Thirdly, the author and the same two researchers independently screened and scored all abstracts given the same in-and exclusion criteria for scoring the titles. Studies were selected for inclusion if they received a total score of 3 points or more (the kappa for scoring abstracts between reviewer 1 and 2 was 0.48, between reviewer 1 and 3 0.44, and between reviewer 2 and 3 0.62, which are again all moderate). This resulted, after the exclusion of 4 non-English articles, in 60 full-text articles. In addition, a hand search was adopted to retrieve data. Efforts in these searches led to 2 additional studies on the problems of independently living elderly people with no cognitive decline. Finally, these 62 full-text studies were reviewed by the author, according to the aim of this literature study: creating an overview of articles that studied the
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possibility of daily activities being risk factors for the institutionalization of an elderly person. This led to the final number of 51 papers.
Focus Groups
Different focus group meetings were held in the Netherlands, United Kingdom, and France. For these focus group meetings the viewpoints of the individual participants as well as the group consensus were found to be important. Therefore the Metaplan method was used for the data collection 8 . This method ensured that all participants contributed to the outcome of the meeting, whilst the group discussion provided deeper understanding of the issues discussed. Three separate target groups were included: 1) elderly persons, 2) formal caregivers, and 3) informal caregivers. Separate focus groups were held for each of the three target groups, so that perspectives of the different groups could be captured.
Participants
Elderly persons and formal caregivers were contacted through care organizations. Informal caregivers were contacted through personal networks and through care organizations. Elderly persons were selected based on four criteria: 1) aged 60+, 2) living at home, 3) no cognitive decline, and 4) receiving home care. The selection of formal caregivers was based on their work activities/profession. It was required that they worked closely with independently living elderly persons on at least a weekly basis. Informal caregivers had to meet one of the two criteria: 1) take care of an independently living elderly person on at least a weekly basis, or 2) to have taken care of an independently living elderly person on a weekly basis in the last year. During the recruitment the term robotics was mentioned, as well as the goal of the ACCOMPANY project. However it was clearly stated that the particular emphasis of this focus group would not be on the use of robots. In total 113 persons participated in the study:
 Forty-one elderly persons (12 male, 29 female) with a mean age of 78.0 years (60 to 95) participated in focus group meetings in the Netherlands (11), United Kingdom (5) and France (25) . All elderly persons were still living at home and receiving some form of care assistance (e.g. home care, tele-homecare system).  Forty professional caregivers (2 male, 38 female) participated in focus group meetings in the Netherlands (14), United Kingdom (4) and France (22) . Caregivers' professions varied from care workers, nurses, psychologists to managers. All professional caregivers worked closely with the elderly.  Thirty-two informal caregivers (2 male and 30 female) participated in focus group meetings in the Netherlands (7), United Kingdom (5) and France (20) . Informal caregivers took care of (one of) their parents, their spouse, neighbour, or their aunt. In two cases the elderly person taken care of was recently institutionalized and in one case the elderly person had recently passed away.
Procedure
The focus groups were carried out in separate groups of 4-10 participants in a room with a round table formation. Every participant received a marker pen and sticky notes. After the introduction and signing of the informed consent, participants were given one of the following questions (one for each group type): The first assignment given to all participants was to individually write down as many activities they could think of on sticky notes answering the given question (one activity per sticky note). They were asked to stick their notes (randomly) on one surface when finished writing. Secondly, the participants were asked, as a group, to cluster all the gathered material per topic. During this clustering phase, discussion among participants was encouraged and more clarification was asked when needed. After clustering, all subgroups/topics were again discussed in the group. Finally participants were asked which group/topic they thought was the most important for independent living. Participants who had difficulty picking just one problem at the end of the focus group meeting, were given the following question: If we are going to create something to solve one of these problems, which problem should we solve first? The duration of the focus groups varied between 1.5 and 2 hours.
Data analysis
Pictures were taken of the final clustered notes and all activities written on the notes were copied per group/topic. A short summary of every group/topic was compiled, as well as a general description of the whole session. A final list was composed for every focus group of those activities participants felt needed solving first.
Results
Literature
In the literature different variables related to nursing home admission could be identified. Nonetheless, only articles that studied the possibility of daily activities being risk factors were found to be interesting and will be discussed in this chapter. The systematic literature search led to 50 non-robotic-related studies and 1 robotrelated study on the problems of independently living elderly people. This robot-related study concerns the European Multi-Role Shadow Robotic System for Independent Living (SRS) project 9 , which produced a list of activities that make independent living challenging for elderly persons. This list was created without reference to robotics or technologies and therefore suitable for this literature search.
Within the final set of 51 studies a distinction was made between articles studying clustered activities and articles studying single activities (see Figure 2 ). Articles could also be grouped in both sub-groups when one or more single activity was studied besides a clustered activity. Within the clustered activities group, three different clustered activities could be identified: activities of daily living (ADL), instrumental activities of daily living (IADL), and advanced activities of daily living (advanced ADL). ADL includes activities such as bathing, dressing, toileting, transfer, and eating. IADL includes the activities cooking, shopping, and cleaning. And finally, advanced ADL includes managing money and using the telephone. Out of the 48 articles studying the effect of one or more clustered activity on the institutionalization of elderly, 42 studies investigated ADL. From these 42 studies, 35 highlighted ADL as a risk factor (see Table 1 ). Out of the 28 studies that included IADL, 17 concluded that IADL was a risk factor for institutional. And out of the 2 studies investigating advanced ADL, 1 study found it to be a risk factor. Overall, ADL and IADL are seen as risk factors for the institutionalization of an elderly person. However, this does not provide sufficient insight in which activities specific are responsible for losing one's independence. Therefore we took it one step further and looked at the studies which specified the clustered activities. This resulted in 5 studies out of the clustered activities group [10] [11] [12] [13] [14] .
These 5 studies were added to the 18 studies from the single activities domain group (see figure 2) 9, 11, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . One article 11 was present in the single activities group as well as in the specified group; this therefore resulted in a total of 22 studies. Within these 22 articles a distinguish could be made between three different types of studies. The articles of the first type conducted risk factor analysis in order to investigate if activities could be seen as risk factors for the institutionalization of an elderly person. The second type includes one article that is focused on the characteristics of new entrants of nursing homes and the third type on the problematic activities mentioned by (still independent living) elderly persons without a risk factor analysis. Figure 2 . Classification of the final set of 51 articles. An article can appear in more than one group/sub-group. Table 1 . Overview of the number of article in which ADL/IADL/advanced ADL is mentioned as a risk factor for institutionalization.
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Type 1 -Risk factor analysis of activities
Nineteen studies [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] investigated if one or more single activities were risk factors for the institutionalization of an elderly person through a risk factor analysis. An overview of these studies can be found in Table 2 . From this table it can be said that mobility -d4, changing body position (e.g. sitting and getting up) -d410, walkingd450, washing oneself -d510, toileting -d530, dressing -d540, feeding -d550/d560, taking medicationd570, preparing meals -d630, and interpersonal interaction & relationship -d7 were considered to be a risk factor by at least one study.
Type 2 -Characteristics of new entrants nursing home
From the 22 studies, one study 10 looked at the characteristics of a sample (N=125) of new entrants in four nursing homes. The majority of these new entrants were, concerning ADL, the most dependent in washingd510 (50.4%), followed by dressing -d540 (48.8%), toileting -d530 (28.8%), mobility -d4 (26.4%), and eating -d550 (10.4%). Concerning IADL, new entrants were most dependent in cleaning -d6401/d6402 (87.2%), followed by cooking -d630 (81.6%), laundry/ironing -d6400 (75.4%), outside mobility -d4602 (66.4%), and administration -d860 (68.0%). None of these specified activities were individually included in a risk factor analysis.
Type 3 -List of challenging activities
The European Multi-Role Shadow Robotic System for Independent Living (SRS) project 9 , together with the Dutch study into The most recurrent problems of the independently living elderly: recommended assistive devices and solutions 30 form the third group type. Both produced a list of activities that make independent living challenging for elderly persons. The SRS study used qualitative and quantitative methodologies. First they included in focus group sessions a direct question about difficulties of daily living and some complementary questions about degree of difficulty and its causes. Elderly persons as well as family cares, professional caregivers, and health professionals participated in both the focus group session as the questionnaire. The Dutch study 30 only conducted a qualitative study which resulted in a list of the 10 most mentioned problems of independent living elderly. The prioritized difficulties with daily tasks mentioned in the studies were readingd166, mobility-related ones (walking inside/outside -d450/d4602, climbing up stairs -d4551, reaching for objects -d4452, sitting & getting up -d410, carrying heavy objects -d430, and bending -d4105), self-care related (washing oneself -d510, caring for body parts -d520, toileting -d530, dressing -d540, feeding - Table 2 . Overview of activities addressed in the literature. Shading indicates activities indentified as risk factor. 6 d550/d560, taking medication -d570), domestic life (shopping -d620, preparing meals -d630, doing housework -d640), and loneliness -d7.
ICF
Focus groups
From the focus group meetings a total of 43 different problems were gathered (see figure 3) . Not all 43 problems were mentioned in every focus group. The majority of the collected problematic activities raised during the focus group meetings could be grouped into section d, Activities and Participation, of the ICF. The other types of problems mentioned were not specifically activities of individuals but more of the environment (e.g. being looked after). For the second step of the session, participants of each focus group were asked to cluster the problems per topic. Although not all 43 problems were mentioned in every group, the topics created after clustering showed great overlap. For example: The Dutch elderly people, the formal caregivers, as well as the informal caregivers all mentioned one topic in their focus group Self-care. However, this topic contained different problems for every focus group (see Table 3 ). This was similar for the other overlapping clustered topics.
To complete the problem assessment session in the focus group meetings, participants were asked to rank the problems. Problems that were often mentioned during the group session were not ranked as most problematic per se, as current solutions sometimes were found to be sufficient. One such example is the problem of preparing meals, which was mentioned multiple times in most focus group meetings. Current solutions (e.g. meal delivery services, microwave meals) meant that this problem was no longer perceived as a severe threat for the independence of elderly persons.
The clustering and ranking of the problems resulted in eleven main problems, which are shown in Table 4 . All clustered activities contain a number of problems that differed per focus group session (similar to the example of Self-care in Table 3 ). In table 4 also an overview is given to the combined priorities over the three countries, specified per type of user. Most of these problems were multi-dimension and became a threat for several reasons; e.g. opening the front door presents a mobility issue, but also poses the problem that it is difficult for the elderly to know if it is safe to open the door. Table 4 also visualizes the consensus between the three different groups. Following this consensus a priority list could be created. The three activities described below received the highest priority, as they were seen as most threatening for the independence of elderly by participants from all the three target groups. Additionally, the problematic activities for these three overall activities written by the participants on the sticky notes are added, categorized by ICF number:
1) Self-care activities: When an elderly person is not able to take care of their personal hygiene, then he or she becomes dependent, especially when getting up in the morning or going to bed in the evening. Consequently, people have to adapt their daily schedule to the schedule of their caregiver. Self-care problems mentioned by the focus group participants were: Washing oneself -d510, caring for body parts -d520, toileting -d530, dressing -d540, eating -d550, drinking -d560, and taking medication -d570.
Elderly
Formal caregivers Informal caregivers
Getting ( 2) Mobility: Living independently at home becomes extremely difficult as one is not mobile any more.
Mobility problems mentioned in the focus group session were: Walking inside -d450, climbing stairs -d4551, sitting & getting up -d410, lifting and carrying objects -d430, and bending -d4105. Mobility problems can also make other activities problematic (e.g. opening the front door or shopping).
3) Social isolation: Social isolation is caused by the decrease or even lack of activities concerning interpersonal interaction and relationships. Problems mentioned by elderly people, formal caregivers, and informal caregivers in the focus group session were: Loneliness, lack of family/friends, going outside, keeping in touch with family/friends, safety (being alone at night), isolation, and lack of hobbies.
The next step was to combine the results derived from the literature with the results of the focus group meetings. Therefore the results from the 22 studies and the focus group meetings were combined in one table (see Table  5 ). The activities mentioned in the second column of the table are not all on the same level; e.g. mobility -d4 (no. 2) includes the 7 sub-activities listed below (no. 3 -no. 9). This is similar for the activity doing householdd640 (no. 19): this activity also includes the 3 sub-activities listed below (no. 20 and no. 21). The numbers in the column of type 1 represent the number of studies concluded the activity to be a risk factor and the total number of studies investigated the activity; e.g. changing basic body position -d410 (no. 3) was found to be a significant risk factor by 3 out of the 4 studies investigating this activity. The numbers in the column of type 2 represent the percentage of new entrants in nursing homes having difficulties with the specific activity. When looking at the overlap between the literature and the focus group meeting results, it can be seen that there is an overlap for the activities within the domains mobility -d4 (no. 2 -no. 9), self-care -d5 (no. 10 -no. 16), and interpersonal interaction and relationships -d7 (no. 23). The relevance of problematic domestic activitiesd6 (no. 17 -no. 22) found in the literature was not confirmed by the results of the focus group meetings. However, these domestic activity problems were mentioned in the focus group sessions, but were not highlighted as most problematic. Table 5 . Overview of activities indentified in the focus groups and in the three different types of literature (i.e. type 1: Risk factor analysis of activities, type 2: Characteristics of new entrants nursing home, and type 3: List of challenging activities) threatening the independent living of elderly persons in order of ICF number. Table 4 . Overview of the prioritised (shaded) clustered problems expressed in the focus group meetings in the Netherlands, the UK, and France.
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Discussion
The goal of this study was to find an answer to the following question: Which problematic activities in daily life most threaten the independence of elderly persons? This study showed that activities concerning the ICF domains mobility -d4, self-care activities -d5, and social isolation -d7 were regarded both in literature and by the participants of the focus group sessions as the most problematic and threatening for the independence of elderly persons. However, it has also become clear there is no single activity that can be selected as the main activity causing a loss of independence. Some participants of the focus groups had difficulty picking just one problem at the end of the focus group meeting, resulting in an underlining of the multidimensional nature of the problems. It is often a combination of problematic activities which is person-specific. This is understandable in light of the diversity in age related loss of abilities between individuals and the diversity in living environments between individuals.
In principle, the elderly age in much the same way everywhere, as they face similar problems resulting from physical and mental decline. The perspective of the three countries was introduced as there are differences in the way care is provided and the range of activities supported by public care provision. The assumption was that this would significantly differ between countries and was expected to influence the problems experienced and/or reported by the participants. The difference in the results between the countries did not reflect this. There were some small differences: in France the problem concerning the coordination of care was quite prominent, while this was not mentioned in the Netherlands or the United Kingdom. But regarding the problematic activities, the overlap between the three countries was obvious.
The correspondence between the countries was notable high, however in the United Kingdom the focus was somewhat more on disabilities (e.g. physical and psychological limitations) rather than activities. This may be influenced by the fact that the focus groups in the three countries were all moderated by different facilitators, resulting in some variations in the adopted method. This introduced some difficulty in performing the final step in prioritizing the activities between the countries. Nonetheless, the results between the three countries were in line and therefore one list of problems could be created. The group sizes also varied considerably between the three countries. However, this was of no concern in analyzing the data as the results between the countries showed great overlap to integrate the list of problems. The inclusion criteria selections were not particularly specific (e.g. elderly persons only had to meet three criteria and informal caregivers only one) and there were no inclusion criteria concerning the gender balance of the sample. This resulted in an unbalanced sample size between genders, as 86% of all the participants were female. When looking at the balance between malefemale for all three user groups it can be found that 71% of the elderly people, 95% of the professional caregivers, and 94% of the informal caregivers were female. Overall, females have a higher life expectancy, however the percentage of female elderly persons in the focus group session is still higher compared to the European average in 2011. According to Eurostat 31 62% of the European population aged 75+ was female. The overrepresentation of females among the professional caregivers and informal carers may be explained by the fact that care professions/tasks these days are still mainly executed by females. Further, people with cognitive difficulties, who form a large and growing group, were excluded. For this group a different set of activities will prove to be a threat to independent living. Although the inclusion criteria resulted in an overrepresentation of females, we included a broad group of participants and we think these participants can be seen as representative for the general population.
The aim of this paper was to identify meaningful tasks for robot support of elderly persons. For this we analyzed critical activities supporting independent living. The results do not imply that all these task should be performed by robotic systems. When tasks can be solved as effectively by parsimonious or cheaper technology, robots should be discarded. The added value of a robotic system developed should be made clear over alternative (simpler) technology or human care solution. This will be essential to use in practice sooner or later.
In general a robot is an embodied system that is able to perform automated tasks, involving physical movement and/or force exertion. Looking at the three problematic activity domains (i.e. self-care activities, mobility, and social isolation), it is clear that robots could obviously support a number of these tasks, but for other tasks it is more questionable. For example: several activities within the domain self-care (e.g. washing, toileting, dressing, and eating) and the domain mobility (e.g. climbing stairs, lifting and carrying objects) involve physical movement and/or force exertion. These activities could therefore be interesting for a robotic system. The third problematic domain, social isolation, may be less suitable to be solved by a robotic system as there is most likely no need for physical movement and/or force exertion. There are already several (low cost) non-robotic ICT technologies available to support social interaction (e.g. Skype, tele-homecare systems) and it is easier to place a tablet in every room than to create an expensive tablet on wheels that can navigate through the house without problems. Nevertheless, there are exceptions such as the social robot Paro
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, which also addresses social isolation and is a great success.
Further research should address the issues mentioned above and take the next step towards the development of a successful service robot and investigate which of the activities are best continued with. In making this selection the technical feasibility and the expected market potential will be decisive. Therefore, also the current care support available for elderly persons per country should be taken into account in assessing the potential of the outcomes of the ACCOMPANY project. Developing a solution in the ACCOMPANY project for a subset of this list of activities will result in a wish list for the remaining activities.
Conclusion
To conclude, this study explored the problematic activities threatening independent living of elderly persons through literature and focus group meetings. What became apparent is that a clear set of activities could be identified. Nonetheless it was impossible of finding one single activity that, once becoming problematic, leads to a decision of having to leave home. It is most often a combination of problems that leads to such a decision, based on the abilities of the person (patient) in relation to their own perception, their wishes and the environment of independent living (in a social, physical and financial sense). From the literature and the focus group meetings we found the most important activities threatening the independence of elderly persons concern the activity domains mobility -d4, self-care activities -d5, and social isolation -d7. However, the combination of problems can differ between individuals. A future service robot could therefore be designed to support a diverse need of activities. Further, the needs of future users is only one variable to consider in the development of a robot for elderly people. In order to create a successful robot, the influence of the current care support available for elderly persons (e.g. home care support, the supply of institutional services) must be considered, too. Further, it should also be noted that not all the problems mentioned in this article are necessarily best-solved by robotics.
The Care-O-bot® robot's functionality will only address a subset of the activities identified in this study and selected the basic fetch and carry task as functionality (related to the domains mobility -d4 and self-care -d5). During this project robot behaviour, both functional and social, will be developed to effectively deliver this functionality. The set of prioritized activities for which people need support is hoped to function as both as an inspiration and as a wish list for future robot development.
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